Abstract. Configural processing has been considered the major contributor to the face inversion effect (FIE) in face recognition. However, most researchers have only obtained the FIE with one specific ratio of configural alteration. It remains unclear whether the ratio of configural alteration itself can mediate the occurrence of the FIE. We aimed to clarify this issue by manipulating the configural information parametrically using six different ratios, ranging from 4% to 24%. Participants were asked to judge whether a pair of faces were entirely identical or different. The paired faces that were to be compared were presented either simultaneously (Experiment 1) or sequentially (Experiment 2). Both experiments revealed that the FIE was observed only when the ratio of configural alteration was in the intermediate range. These results indicate that even though the FIE has been frequently adopted as an index to examine the underlying mechanism of face processing, the emergence of the FIE is not robust with any configural alteration but dependent on the ratio of configural alteration.
As social animals, human beings are surrounded in their daily lives by innumerable faces and are able to recognize faces extremely quickly, even without paying specific attention to them (Reddy, Wilken, & Koch, 2004; Reinitz, Morrissey, & Demb, 1994) . Face recognition is probably the most sophisticated ability that human beings exhibit, especially considering the fact that all faces are composed of relatively few constituent elements in an identical configuration. However, despite the extreme human capability for face processing, accumulated research has found that face recognition is disproportionately impaired by inversion when compared to the recognition of other objects. The impairment of inverted face recognition is referred to as the face inversion effect (FIE), which implies that upright and inverted faces are processed differently. The FIE serves as important evidence to support different arguments in face research.
Generally, configural information in faces is divided into two different kinds of information: first-order and secondorder relational properties (Diamond & Carey, 1986; Rhodes, 1988) . First-order properties refer to the overall spatial configuration of facial features, for example, the eyes are above the nose, which in turn is above the mouth, etc. Second-order properties refer to the specific and quantitative relations among the facial features, such as the distance between the eyes, the distance between the eyes and the nose, etc. Although the first-order properties allow humans to judge whether or not a particular spatial configuration of arbitrary elements resembles a face, it is the second-order properties that allow humans to tell faces apart, given that all faces share the same first-order properties. A considerable body of research supports the idea that the FIE arises mainly from an impaired extraction of configural information in inverted faces (Diamond & Carey, 1986; Freire, Lee, & Symons, 2000; Schwaninger & Mast, 2005; Searcy & Bartlett, 1996; Valentine, 1988; Yin, 1969) .
Empirically, the FIE can easily be replicated in face research and has been widely adopted as an index to examine many important issues in face recognition research. For example, it has been found that inversion costs are not equivalent when different facial information is processed, for example, configural versus component information (Freire et al., 2000; Goffaux & Rossion, 2007; Murray, Yong, & Rhodes, 2000; Searcy & Bartlett, 1996; Sergent, 1984) ; when faces of different races are to be recognized (Rhodes, Tan, Brake, & Taylor, 1989) ; when objects versus faces are to be distinguished (Cooper & Brooks, 2004; Farah, Wilson, Drain, & Tanaka, 1998; Tanaka & Farah, 1993; Yin, 1969) ; or when participants of different ages are to identify faces (Carey & Diamond, 1977; Chung & Thomson, 1995; Itier & Taylor, 2004a , 2004b Mondloch, Grand, & Maurer, 2002) .
In others words, many researchers have based their conclusions on the presence or absence of the FIE. However, almost all previous research has obtained the FIE with only one specific ratio of configural alteration. Therefore, it remains unclear whether the ratio of configural alteration itself can mediate the occurrence of the FIE. The present research aims to clarify whether the ratio of configural alteration itself can mediate the occurrence of the FIE. In the experiment, facial configural information was altered parametrically using six different ratios, ranging from 4% to 24%, at intervals of 4%. We examined whether the FIE can be obtained with any ratio or whether it is limited to specific ratios.
Experiment 1 Method Participants
Twenty Caucasian undergraduate psychology students (12 male, mean age 25.05 years) at the University of Zurich participated in the experiment in order to fulfill a course requirement.
Materials
Sixteen faces balanced by gender and race (Caucasian vs. Asian) were randomly selected from a face database developed by the Visual Cognition Research Group (VICOREG) at the University of Zurich. For each face, the distance between the eyes and the distance between the lowest part of the nose and the uppermost part of the upper lip were measured. The configuration of the face was then altered by moving the left and right eyes and eyebrows farther apart (i.e., the left eye and eyebrow leftwards and the right eye and eyebrow rightwards) and by moving the mouth downward. We manipulated the magnitude of alteration using the following ratios: 4%, 8%, 12%, 16%, 20% and 24%. Each of the faces was positioned inside an identical elliptical shape. Figure 1 shows examples of the different ratios of configural alteration in one female Asian and one female Caucasian face.
Procedure
The experiment was based on a four-factor design with orientation (upright vs. inverted), identity (same vs. different), race (Caucasian vs. Asian), and configural alteration ratios (4%, 8%, 12%, 16%, 20%, and 24%) as variable factors. On each trial, a pair of faces of the same person was presented on a 17-inch LCD monitor without a time constraint. The paired faces were always presented with the same orientation, that is, both upright or both inverted. Participants' heads were not fixed and the viewing distance was about 50 cm. The elliptical shape was about 14 cm wide and 16 cm high on the monitor and subtended a visual angle of about 15.6°by 17.7°. One of the pair of faces was randomly assigned to one of four positions (top right, bottom right, top left, and bottom left), while the other was placed in the diagonally opposite position, as displayed in Figures  2 and 3 . In different-configural-alteration trials, an original face was presented with one of the configurally altered versions of it. In same-configural-alteration trials, the pair of faces were identical (i.e., original faces both altered by the same ratio). Thus, the configural information in the depictions of an original face were altered by, for example, 12% in both cases. The purpose of using configurally altered faces (both configurally altered to the same extent) instead of the original faces (both original faces) in the same-configural-alteration trials was twofold. First, it eliminated any disproportionate learning effect for the original faces as compared to the configurally altered faces. For example, if the original faces had been used in all the same-configural-alteration conditions, they would have been viewed 18 times 1 more often than any configurally altered face. Second, it provides a rationale for converting the accuracy data into d' scores for different alteration ratios for further anal- ysis. In the different-configural-alteration condition, one face is the original (0% configural alteration) and the other is a configurally altered face that was altered by one of the six ratios. Figure 2 illustrates the same-and different configural-alteration trials with 24% configural alteration. Twelve practice trials balanced for orientation, identity, ratio, and race were provided to each participant prior to the main experiment. The images used in the practice trials were not used again in the experimental trials. There were 384 trials (2 orientations × 2 identities × 6 ratios × 2 races × 8 examples) presented randomly for each participant in the experimental session. Participants were instructed to judge, without time constraint, whether the paired faces presented simultaneously were entirely identical or different. After participants pressed one of the predesignated keys, an image appeared instructing participants to press any key to start the next trial.
Results
The percentage of correct responses in different-configural-alteration trials (response was "different" when the configuration was different) was treated as the hit rate. The percentage of incorrect responses in same-configural-alteration trials (response was "different" when the configuration was identical) was treated as the false alarm rate. To take the participant's response bias into account, the data were then converted to d' scores using the following equation: d' = z (hits) -z (false alarms).
d' Score
Figure 3 displays the means and standard errors of the d' scores as a function of orientation and ratio. The data were subjected to a three-factor ANOVA with orientation, race, and ratio as within-subject factors. Bonferroni-adjusted posteriori pairwise comparisons were conducted when the ANOVA revealed significant differences between conditions.
A repeated-measures ANOVA revealed main effects of orientation, F(1, 19) = 20.90, MSE = 11.34, p < .001, and ratio, F(3.29 2 , 62.63) = 128.128, MSE = 156.51, p < .001. The face inversion effect (FIE) was replicated. Overall performance in recognizing upright faces was better than for inverted faces. For the main effect of ratio, posteriori comparisons revealed that all pairwise comparisons of different ratios were significant (Bonferroni, p values < .001), except for the comparisons of 12% with 16% (Bonferroni, p = .12), 16% with 20% (Bonferroni, p = .11), and 20% with 24% (Bonferroni, p = .19). The ANOVA also revealed a significant two-way interaction between race and ratio, F(5, 95) = 2.40, MSE = 1.71, p < .042. The simple main effect analysis revealed that performance with Asian and Caucasian faces was comparable with configural alterations of 4%, 8%, 12%, and 16% (p values > .152), whereas performance in recognizing Asian faces was better than for Caucasian faces with configural alterations of 20% and 24% (p values < .047). No other main effects or interaction effects were found.
Face Inversion Effect (FIE)
In order to examine whether the FIE varies with the ratio of configural alteration, separate t-tests were conducted on 
Discussion
The results show that configural processing systematically improved with increasing ratio of configural alteration, and for both upright and inverted faces. The face inversion effect (FIE) only emerged with intermediate ratios of configural alteration, but not with the extremes of either subtle or considerable configural alteration. In other words, there is a critical configural discrepancy for the emergence of the inversion effect in face processing. These results suggest that the ratio of configural alteration is an important factor for mediating the FIE. Accordingly, the FIE is not robust with any configural alteration, but dependent on the ratio of configural alteration.
Experiment 2 Method
In Experiment 2, the paired faces were presented sequentially in order to encourage participants to process the faces holistically. Also, this paradigm reduced the amount of comparison of faces with respect to local features.
Participants
Twenty Caucasian participants (9 male, mean age 24.5) were recruited from the University of Zurich. Participants received either a monetary reward or participated in order to fulfill a course requirement.
Materials
The face stimuli and the configural alterations were identical to those used in Experiment 1.
Procedure
The experimental design was identical to that in Experiment 1. However, the paired faces that were to be compared were presented sequentially. On each trial, a fixation cross was presented in the center of the screen for 500 ms, then a mask covered the whole stimulus area for 500 ms, and then the second face was presented in the center of the screen for 500 ms. After the second face disappeared, the response instructions were presented on the screen instructing participants to press the predesignated key corresponding to "same" or "different." There was no time limit. After participants had responded, the response instructions disappeared and participants had to press any key to initiate the next trial. Of the 384 trials, half were same-configuralalteration and the other half different-configural-alteration trials. For different-configural-alteration trials, the sequence of presentation (original face vs. configurally altered face) was balanced. Thus, on half of the trials, the original faces were presented first and on the other half the configurally altered faces were presented first.
Results

d' Score
The method of analysis used in Experiment 2 was identical to that used in Experiment 1. The data were converted to d' scores and subjected to a three-factor ANOVA with orientation, race, and ratio as within-subject factors. Bonferroni-adjusted posteriori pairwise comparisons were conducted when the ANOVA revealed significant differences between conditions. Figure 4 shows the mean d' score and standard errors as a function of orientation and configural alteration ratio in Experiment 2.
A repeated-measures ANOVA revealed main effects of orientation, F(1, 19) = 11.66, MSE = 15.76, p < .001, and ratio, F(5, 95) = 29.08, MSE = 31.08, p < .001. Here, too, the face inversion effect (FIE) was replicated. Overall performance in recognizing upright faces was better than for inverted faces. For the main effect of ratio, posteriori comparisons revealed that performance with configural alterations of 16%, 20%, and 24% was better than for those of 4%, 8%, and 12%, and performance with configural alterations of 24% was better than for those of 16% (p values < .037). No other main effects or interaction effects were found. 
Face Inversion Effect (FIE)
The FIE was apparent only with configural alterations of 12%, 16% and 20% (p values < .05) . No FIE emerged with configural alterations of 4%, 8%, or 24% (p values > .095).
Discussion
Although overall performance declined when the paired faces were presented sequentially, the pattern revealed in Experiment 1 was replicated in Experiment 2. Performance improved with an increasing ratio of configural alteration. This trend was evident in both upright and inverted faces. In addition, similar to the results in Experiment 1, the inversion effect emerges only in the intermediate range of configural alteration, but not in the substantial or subtle configural alterations.
General Discussion
In face recognition research, FIE serves as an important index which has frequently been used to examine various issues regarding face processing. Many arguments are based on the presence or absence of the FIE. However, in previous research, the FIE was often only obtained with one specific ratio of configural alteration. The ratio of configural alteration was rarely treated as a factor and manipulated systematically to examine its potential interaction with the FIE. Therefore, it remained unclear whether the ratio of configural alteration can mediate the FIE.
In the present research, we altered the ratio of configural alteration parametrically, using six different ratios, and examined whether the FIE could be obtained with any ratio or whether it was limited to specific ratios. Both experiments revealed that the FIE emerged only with a critical discrepancy of face configural information. In addition, performance systematically improved with an increase in ratio of configural alteration in both upright and inverted faces. These results suggest that the ratio of configural alteration plays an important role in mediating the occurrence of the FIE. The FIE is not robust with any configural alteration but dependent on the ratio of configural alteration. These results imply that the arguments based on the FIE should be interpreted cautiously because the FIE may have been contaminated by the ratio of configural alteration in previous experiments. This idea is in agreement with Ellis (1975) and Rhodes, Hayward, and Winkler (2006) who cast doubts on the widespread interpretation of FIE as diagnostic of configural coding.
The FIE only emerged with a critical configural discrepancy, namely, with an intermediate ratio of configural alteration of around 12% to 20%. The FIE did not emerge with subtle configural alterations, which might reflect the fact that subtle configural alterations make discrimination difficult in both upright and inverted faces. The FIE also failed to emerge with substantial configural alterations, which might reflect the fact that configural alterations can reach the perceptual criteria for detecting a configural discrepancy in both upright and inverted faces. However, with intermediate ratios of configural alteration, the configural alteration can reach the perceptual criteria for detecting a configural discrepancy in upright faces more easily than in inverted faces. As a result, the FIE emerges under the inequivalent sensitivity of configural processing in different orientations. The varying FIE with different ratios of configural alteration also rules out the possibility that participants match the faces by local distance. Schwaninger, Ryf, and Hofer (2003) found that the FIE disappears when participants are required to compare the distance between facial features in face recognition experiments. Moreover, Farah, Drain, and Tanaka (1995) also found that the FIE disappeared when participants were asked to decompose a holistic dot pattern into several parts based on color.
The present results seem to contradict arguments claiming that configural information in inverted faces is inaccessible to people (Diamond & Carey, 1986; Sergent, 1984; Yin, 1969) . It shows that configural information in inverted faces is still extractable. Moreover, configural processing of inverted faces also improves with increasing amounts of configural alteration. It seems that the sensitivity of configural processing of inverted faces is impaired, but not the capability of extracting face configural information. The difference in the configural processing of upright versus inverted faces might not be an "all-ornothing" issue, but rather one concerning the extent of the efficiency of configural processing. As proposed by Sekuler, Gaspar, God, and Bennett (2004) , the primary difference between the processing of upright and inverted faces might be quantitative rather than qualitative. Information is extracted more efficiently in upright than in inverted faces. The advantage in processing upright faces may simply be a by-product of relative expertise levels because humans have more experience in recognizing upright faces than inverted faces.
Another issue worth addressing is the disappearance of the race effect in both experiments. It has been proposed that it is easier for people to distinguish between faces of their own race than between those of another (see Meissner & Brigham, 2001 , for a review). However, other research indicates that the race effect in face recognition might be the result of an impairment of extracting the component information, holistic information, or configural information in other-race faces (Hayward, Rhodes, & Schwaninger, 2008; Michel, Caldara, & Rossion, 2006; Rhodes et al., 2006) . However, in those experiments, participants were required to assess whether the faces differed in either holistic, component, or configural information throughout the entire task. In other words, the component or configural processing was not enhanced since participants were to pay attention to a variety of information. However, in the present study, participants were encouraged to perform only configural processing throughout the entire task. In addition, the configural information was systematically altered to different extents. This might also have enhanced participants' configural processing during the task. The results of Experiment 2 show that participants' performance in discriminating between Asian and Caucasian faces was comparable under this paradigm. These results were not surprising because the race effect has not always been replicated (Bothwell, Brigham, & Malpass, 1989; Tanaka, Kiefer, & Bukach, 2004) . However, Experiment 1 produced an unexpected result, namely, that Caucasian participants performed better in recognizing Asian than Caucasian faces with configural alterations of 20% and 24%. Although the opposite race effect seems surprising, these results might be explained by racial differences in facial characteristics. A recent anthropometric analysis reported by Kunjur, Sabesan, and Ilankovan (2006) found that Chinese men and women have wider intercanthal distances than Indian and Caucasian men and women. As explained by the authors, the intercanthal distance refers to the most medial part of the palpebral fissure, that is, the closest distance between the two eyes. In other words, the separation of the eyes is greater in Asian than in Caucasian faces. This racial difference in eye separation also occurs in the faces used in the present research, the average eye separation being greater in Asian faces (140.75 pixels, or about 4.10 cm on a 17-inch monitor) than in Caucasian faces (135.06 pixels, about 3.95 cm on a 17-inch monitor). Although ratio was controlled, the greater eye separation in Asian faces makes the actual movement of the eyes larger, especially when the ratio was considerable. This might explain why the configural discrepancy was easier to detect in Asian faces when the ratio of configural alteration was 20% and 24%.
In sum, the finding that the FIE emerges only with a critical configural discrepancy is important and enlightening for research associated with face recognition. In the domain of face recognition, the inversion effect is widely and frequently used as an index to examine the underlying mechanism of face processing. The FIE is always regarded as an important indicator to justify or disprove different arguments. However, as revealed in the present research, the emergence of the FIE does not only depend on the stimuli, task, participant age, etc., but is also a consequence of a specific ratio of configural alteration.
